A strictly anaerobic, Gram-stain-positive bacterium, designated FW431 T , was isolated from a mud cellar used for producing strong aromatic Chinese liquors. The strain was able to produce butanoic acid, an important component of the aroma style of Chinese liquors. Cells of strain FW431
The strong aroma style Chinese liquors are batch-brewed in mud cellars. During the month-long spontaneous solidstate fermentation involved, such cellars are in an anaerobic condition and contain high ethanol concentrations. The brewing process is able to accumulate diverse anaerobic and facultatively aerobic microbes (Wang et al., 2014) . These adaptive micro-organisms are able to produce many low-molecular-mass organic acids, which are esterified to various esters or other volatile compounds, these determining the quality and aromatic style of the liquor (Fan & Xu, 2000; Jia, 2003; Hu et al., 2004; Xu et al., 2010; Zheng et al., 2011) . Here we report the isolation and characterization of a strictly anaerobic, Gram-stain-positive bacterium, designated FW431
T , isolated from a mud cellar.
FW431
T was isolated from a mud cellar of a liquor production factory in Sichuan province, China (Wang et al., 2014) . The mud sample was collected from the bottom of the cellar. After serial dilution in a saline solution of 0.85 % (w/v) NaCl, the cell suspension was spread onto Reinforced Clostridium Medium (RCM) (Jung et al., 2010) agar plates. The RCM had the following composition (per litre): 5 g glucose, 10 g tryptone, 3 g yeast extract, 5 g beef extract, 1 g soluble starch, 5 g NaCl, 3 g sodium acetate, 5 g L-cystine, 1 mg resazurin and 1.5 % agar. The pH was adjusted to 6.5 before autoclaving. The plates were incubated at 37 8C in an anaerobic system (MART Microbiology) filled with a gas mixture of N 2 /H 2 /CO 2 (8 : 1 : 1). The strain was picked as a single colony and further purified by transferring to fresh RCM agar plates several times. The purified strain was stored under liquid nitrogen in tubes containing 20 % glycerol solution.
The 16S rRNA gene sequence was amplified from FW431 T using the method described by Wang et al. (2014) . The sequence determined was 1441 bp long. A BLAST search of the 16S rRNA gene sequence against the GenBank database showed that the strain shared highest similarity with Clostridium ljungdahlii DSM 13528 T and Clostridium kluyveri DSM 555 T (95.0 and 94.2 %, respectively). Accordingly, further taxonomic identification was performed with these two reference strains, purchased from the Deutsche Sammlung von Micro-organismen und Zellkulturen GmbH (DSMZ, Braunschweig, German). The Clostridium strains were routinely cultured on RCM in Hungate tubes under anaerobic conditions.
For determination of its phenotypic properties, FW431
T was incubated anaerobically at 37 8C for up to 72 h. Gram staining was conducted following a previously reported method (Chang et al., 2008) . Cell morphologies were examined under a phase-contrast microscope (ECLIPSE, 2000S; Nikon) . Flagella were observed under a transmission electron microscope (Tecnai G2 F20; FEI). The pH and NaCl (0-5 %) ranges for growth were measured at 37 8C in 96-well plates containing 100 ml RCM, buffered with NaH 2 PO 4 /Na 2 HPO 4 to pH 5-9. We assayed the growth temperature from 20 to 42 8C. Growth at different pH, NaCl and temperature was detected after 3 days, when these strains were in the exponential growth phase.
Similar to C. ljungdahlii DSM 13528 T and C. kluyveri DSM 555 T , FW 431 T formed convex and round colonies with entire boundaries on RCM agar plates. Colonies were ivory in colour and had a diameter of 0.5-1.0 mm. The strain was strictly anaerobic, Gram-stain-positive with straight or somewhat curved rod-shaped cells 1-2 mm wide and 8-9 mm long. The cells had an oval endospore at one end ( T was able to grow at 20-42 8C, with optimal growth at 37 8C. This is similar to that of C. ljungdahlii DSM 13528 T and C. kluyveri DSM 555 T . Strain FW431
T was able to grow at pH 5.0-9.0, and the optimal pH for growth was 6.5, which was also similar to that of C. kluyveri DSM 555
T , but slightly higher than that of C. ljungdahlii DSM 13528 T (pH 5.8). The three strains showed the same range of tolerance to NaCl. Optimal growth was with 0.5 % (w/v) NaCl, and no growth occurred with greater than 4.0 % (w/v) NaCl for FW431 T .
A phylogenetic tree based on the 16S rRNA gene sequences from strain FW431 T and closely related species, obtained from the EzTaxon server (http://www.ezbiocloud.net/ eztaxon; Kim et al., 2012) , was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) in MEGA version 5 (Felsenstein, 1985) with bootstrap analysis of 1000 replications. Phylogenetic analysis demonstrated that strain FW431 T shared highest 16S rRNA gene sequences similarity with C. ljungdahlii DSM 13528 T (95.0 %) and C. kluyveri DSM 555 T (94.2 %) (Fig. 1) .
Cellular fatty acids were analysed according to the standard protocol provided by the manufacturer (Sherlock Microbial Identification System; MIDI). Fatty acid methyl esters were extracted from cells grown on RCM at 37 8C for 5 days. The composition patterns of fatty acids were identified using the Microbial Identification software package (Moore library). The major fatty acids were C 16 : 0 , C 18 : 1 v9c and C 18 : 0 , comprising 31.2, 26.2 and 18.3 % of the total, respectively. This profile is similar to that of C. ljungdahlii DSM 13528 T , but significantly different from that of C. kluyveri DSM 555
T . In addition, anteiso-C 15 : 0 and iso-C 15 : 0 were predominant in C. kluyveri DSM 555
T but were not detected among the fatty acids in C. ljungdahlii DSM 13528 T or FW431 T . C 18 : 1 v9c and C 18 : 0 were the major fatty acids found in C. ljungdahlii DSM 13528
T and FW431 T but do not appear in C. kluyveri DSM 555
T . The fatty acid compositions of the three strains are shown in Table 1 .
For assessment of the DNA G+C content, the genomic DNA was extracted from FW431 T and C. kluyveri DSM 555 T , and further chemically degraded and analysed by HPLC as described by Li et al. (2001) and Deng et al. (2006) . The G+C content of the genomic DNA of FW431 T was 44.4 mol%, which was higher than that of C. kluyveri DSM 555 T determined herein (28.9 mol%; previously reported value of 31 mol% by Köpke et al., 2010) .
The Biolog Microbial Identification system (version 4.20.05) was used to determine the dominant carbon sources that could be metabolized by the three strains. After 3 days of incubation in RCM broth, cells were centrifuged and washed twice with carbon-free Biolog buffer. The samples were suspended using the same buffer and adjusted to a turbidity of 65 %. Then, a 100 ml aliquot of the cell suspension was added to each well of the Biolog AN MicroPlate panel as described by Ivanova et al. (1998) . The AN plate was cultivated anaerobically at 37 8C for 3 days before being read in the Biolog system. The results showed that, of the 95 tested carbon sources, the first five dominant compounds that could be metabolized by FW431
T were palatinose, L-fucose, b-hydroxybutyric acid, L-rhamnose and a-ketobutyric acid, data that are slightly different from those for C. ljungdahlii DSM 13528
T and dramatically different from those for C. kluyveri DSM 555
T . In C. kluyveri DSM 555 T , the first five predominant carbon sources were alanine, L-alanyl L-histidine, glycyl L-glutamine, turanose and pyruvic acid ( Table 2 ). The other carbon sources that could be utilized by the three strains are detailed in Table S1 .
For analysis of the organic acids produced by the strains, the metabolites in the RCM cultures were first esterified by benzyl bromide (Qi et al., 1996) , and the esters were determined using GC-MS (GCMS-QP2010Plus; Shimadzu) according to a previously described protocol (Wang et al., 2014) . The results showed that butanoic acid was the major organic acid in the fermentations produced by FW431 T (Fig. S2) . However, under the same conditions, no organic acid was produced by C. ljungdahlii DSM 13528 T , whereas three organic acids, i.e. pentanoic acid, heptanoic acid and benzoic acid, were produced by C. kluyveri DSM 555 T . Cells are Gram-stain-positive, straight or slightly curved rods 1-2 mm wide and 8-9 mm long, with peritrichous flagella. After 7 days of incubation at 37 uC on RCM agar plates, forms circular, convex, ivory colonies with entire and slippery boundaries, and 0.5-1.0 mm in diameter. Produces butanoic acid when cultured on RCM. Growth occurs at 20-42 uC and at pH 5-9 in RCM broth, with optimum growth at 37 uC and pH 6.5. Growth occurs optimally with 0.5 % (w/v) NaCl; no growth with 4.0 % (w/v) NaCl or higher. Utilizes palatinose, L-fucose, b-hydroxybutyric acid, L-rhamnose and a-ketobutyric acid as the five primary carbon sources. The predominant cellular fatty acids are C 16 : 0 , C 18 : 1 v9c and C 18 : 0 .
The type strain, FW431 T (5CGMCC 1.5201 T 5KCTC 15519 T ), was isolated from a mud cellar used for producing strong aromatic Chinese liquors. The G+C content of the genomic DNA of the type strain is 44.4 %. The type strain is phylogenetically closest to C. ljungdahlii DSM 13528
T at a 16S rRNA gene sequence similarity of 95.0 %.
